The article presents structural specifications and conceptual analysis of the test car body equipped with a hybrid power transmission system. The test car is constructed by students of the Faculty of Technical Sciences of the University of Warmia and Mazury in Olsztyn. Works dedicated to designing and construction of a car body aim at the increase of safety and improvement of aesthetics of the constructed vehicle with simultaneous maintenance of its operational and test functionality. The article presents a simplified analysis of the distribution of pressure around the body for several suggested concepts and selected technologies of production of the test car body. The paper presents results of computer simulations, of the pressure distribution and the remaining aspects of assessment of the car body functionality.
Introduction
The idea of construction of the test vehicle consists in reduction of emission of hazardous fumes to atmosphere through additional supply of the combustion engine with the hydro oxygen mixture (Fig. 1) .
Due to adaptative and research works, the engine compartment is behind a driver ( fig. 1 ). It is dictated by simplification of the vehicle construction and safety reasons (Miąskowski et al., 2012; Miąskowski et al., 2017) .
A car body has many functions. It covers mechanisms installed in a vehicle, separates engine/passenger/goods compartments and has aesthetic functions (Orzełowski, 1969; Hinz and Lewkowicz, 2015) . By dividing the structure of a vehicle into specific sectors, a car body also plays a safety function against explosion of the engine and protection for passengers; life and health. Car bodies may be divided also with regard to the structure type: frame and self-supporting. In frame structures (non-supporting car bodies) a car body is a basic carrying element of a vehicle. The main task of the frame car body is ensuring relevant stiffness (Budzik et al., 2009; Bilewski et al., 2013) . In case of cars, an engine, elements of chassis, complete car body and e.g. a load bed is mounted (Zieliński, 2008) .
Figure 1. View of the test vehicle without car body
In self-supporting car bodies, a supporting element is the structure of the car body itself which is a bearing beam, thanks to which a division into a frame chassis and non-supporting car body placed on it was eliminated (e.g. trucks). The use of self-supporting car bodies caused a considerable reduction of mass of vehicles and their crashworthiness. An intermediary structure is a half-supporting car body where the car body is assembled stiffly to the light frame (Łach et al., 2015; Zieliński, 2008) .
Structural assumptions
The aim of the works on the structure of a car body is to raise the level of safety of people which operate the test car and a general aesthetics of the vehicle, maintaining at the same time a possibility to carry out operational and maintenance activities with main mechanisms of the vehicle.
Structural assumptions made for design works on the construction of the car body of the test car: -Due to the nature of the performed works, it was decided to make an open structure; -No roof structure in the car results from the need of frequent leaving of the passenger part to carry out test works (registration of phenomena that take place) and performance of tests and service and operational activities; -A structure of the car body will be assembled to the existing structure of the car body; -A car body will play a protective function against a possible explosion in the engine compartment; -It is planned to mount an additional protective coat from the sheet metal that protects against the effects of explosion; -The car body will protect components against outside damage; -It will reduce aerodynamic resistance during driving; -The structure of the car body should enable access to particular components and mechanisms installed in the car and increase aesthetic values of the test car. Analysis of the external shape of the structure of the car body, available production capacities were taken into consideration. These were: a structure of the car body made of sheet metal using technologies of bending, cutting, and welding; a structure of the car body using lamination of polyester-glass elements, making the car body with the use of 3D printing technology. The car body made of sheet metal would protect internal mechanism against damage in the best possible way; however, the total mass of the vehicle will increase. Additional difficulty is making an aerodynamic shape that ensures a reduced index of aerodynamic resistance of air (Guilmineau, 2008) . A technology that uses manual lamination is a satisfactory solution in production of a small number of elements, where a high quality and precision of making is not required. Due to lamination, objects with any shapes can be manufactured; however, their impulse and fatigue strength is extremely limited. A technology of production of polyester and glass laminate composites requires previous preparation of a form. Production of a car body due to the use of 3D technology will enable to obtain a previously assumed shape in an almost wasteless manner. A ready object would be made with a faithful reproduction of the 3D model with maintenance of an aerodynamic shape. The 3D print technology provides great possibilities of shaping ready surfaces; however, anisotropy of printed objects is a limitation to this method (Budzik et al., 2009) . The car body manufactured in such a way would have a light mass and an elevated level of aesthetics of production; however, its impact resistance will depend on the selection of printing and material parameters.
Conceptual analysis
Based on structural assumptions and arrangements concerning functionality of the structure of the car body, four concepts of the car body model for the test car were suggested. 3D models were made in SolidWorks environment.
Concept 1
The concept assumes production of the test car body based on simple raw shapes (Fig.2) . A carcass of the vehicle along with all mechanisms would be located inside the car body. A front end of the car body keeps its shape at the whole width of the vehicle. Therefore, driver's legs are hidden under the car body. The "engine" space was covered with sheet metal which results directly from the structure of assembly of equipment. The rear part of the car body ends with a flat, reclining surface without the use of treatments that would mitigate the air stream turbulence. Concept 1 is technologically adjusted to production with all the abovementioned methods. Using relevant ergonomic techniques, i.e. divisibility of the structure that enables access to important mechanisms, basic requirements for the car body were maintained.
Figure 2. Simplified view of the car body concept in version no. 1

Concept 2
In concept 2 decision was to change the shape of the front part of the car body which would result in reduction of aerodynamic resistance and increase of aesthetic values of the structure (Fig.3) . In the rear part, it was suggested to use spoilers and bending of edges which will reduce turbulence of the air stream behind the vehicle during its motion (Song et al., 2011) . In the concept 2 the use of bending and cutting technologies for maintaining an aerodynamic shape will be more labour consuming.
Figure 3. Simplified view of the car body concept in version no. 2
Concept 3
In concept 3 an appearance and shape of the front part was completely changed, and the steering system was shielded limiting thus the impact of the wind on a driver. It will be required to use additional mudguards in the front and rear axis (Fig.4) . The cover of the engine chamber will also use the bending of edges to reduce air stream turbulences. Air inlets were presented in the cover in the side walls to improve thermal exchange of an engine with the surrounding. Air inlets are designed in the final version and they are available in each concept, with the same functions. Due to the methods of lamination of the car body and 3D print, with maintenance of the previously mentioned principles of division of the car body surface, they are effective methods.
Figure 4. Simplified view of the car body concept in version no. 3
Concept 4
In concept 4, it was decided to extend the front end of the car body to reduce aerodynamic resistance and improvement of the air flow around the vehicle (Fig. 5) at the expense of the lower manoeuvrability. Driver's legs, as in concept 1, are hidden under the surface of the car body. The car body presented in concept 4 can be made with all the above-mentioned methods.
Figure 5. Simplified view of the car body concept in version no. 4
The above concepts were also analysed on account of distribution of pressure in the vehicle symmetry plane and air trajectory around the car body model using for this purpose SolidWorks Flow Simulation software. The following boundary conditions were assumed: ambient pressure 101325Pa, ambient temperature 20ºC, maximum speed 50 km•h -1 and global calculation grid. A numerical analysis of flow for each concept was made in two variants − with the use of the front windscreen and without a windscreen. The variant with the windscreen shows smaller disorders of flow in the driver's space, therefore, results of simulations of the model with a windscreen were presented. 
Results
Analysis of the simplified simulation of air flow around the test car body concept concerns the impact of the change of the shape of the front part of the vehicle on the distribution of pressure and on functional and aesthetic properties.
In concept 1, a zone of the increased pressure, which is present in the front part, results from the geometric shape of the car body (Fig. 6 ). Visible reduction of pressure in the driver's space referred to the surrounding proves a more effective protection of a driver against air blows during driving. A built-up space for driver's legs considerably protects driver's body parts against outside impact. A visible zone of the increased pressure around the front part in concept 2 proves an increased head aerodynamic resistance (Fig. 7) ; however, reduced turbulences in the driver's space show the most effective protection against air blows that influence a driver. Ensuring aerodynamic shapes of the part of the vehicle that is the most exposed to air resistance results in the reduced space for a driver which negatively influences the operator's position during driving. In concept 3 (Fig. 8) the front part has an aesthetic function and improves driver's comfort by enabling him to maintain an unhindered position of legs during driving. In the symmetry plane of the vehicle, reduction of the head pressure value is observed. However, this structure is the weakest regarding protection of the driver's body against damage from the surrounding. Due to its geometry, the driver's body is more exposed to air blows. Concept 4 has protective functions of inside mechanisms and the driver's body parts maintaining at the same time aesthetic values. However, manoeuvring without obstacles is impeded in this concept. In all concepts, the use of a windshield protecting a driver, favourably influences the comfort of use of the vehicle since it limits air turbulence in the passenger space. Analysis of flow in the symmetry plane of the vehicle presents a local formation of aerodynamic resistance; however, the structure of the front part in concept 3 and 4 allows efficient reduction of the pressure increase.
Conclusion
The use of software for designing 3D models considerably facilitates engineering works at each stage of design. The conceptual analysis of the test car body in this article is a presentation of the simplified approach to designing, since no strength and modal analysis were included as an indispensable criterion of assessment and validity of taken decisions. Taking into consideration low vehicle speed, researches were focused on aesthetic and functional values and production possibilities of the Chair of Mechanics and Bases of Machines Design. Selection of the method, where the test car body will be manufactured depends on the technological nature and stiffness of the car body structure itself. Verification of the comfort of use during test and maintenance works may be carried out with the use of e.g. virtual reality technology. Previously built 3D models of particular concepts may be imported to the virtual reality and with the use of VR googles of a user inside a car body. Then, opinions of the surveyed persons may serve as instructions for manufacturing of the final car body.
